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Reduced representation genomic sequencing methods provide a fast and relatively inexpensive 
way to gather sequence data from thousands of loci throughout the genome. These data can be 
used to test previous phylogenetic hypotheses produced from limited numbers of mitochondrial 
and nuclear loci that often revealed intriguing, but conflicting results. In this paper, we use 
phylogenomic data to revisit molecular phylogenetic work that while clarifying taxonomic 
relationships within spiderhunters (Aves: Arachnothera), also questioned monophyly of this 
distinctive genus. Previous phylogenetic analysis of two molecular markers (one mitochondrial 
and one nuclear locus) produced conflicting topologies, yet both strongly supported non-
monophyly of Arachnothera. This present study assesses the nature of pervasive gene tree 
discordance in these birds and investigates phylogenetic relationships within spiderhunters. To 
accomplish this, we used target-capture of ultra conserved elements (UCEs) to produce a 
phylogenomic data matrix used to infer the evolutionary history of Arachnothera. Although we 
recovered many gene tree topologies, concatenated and species-tree methods of analysis 
converged on a phylogeny with strong support for monophyly of Arachnothera. The consistency 
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Over the past several decades, analysis of DNA sequence data has clarified phylogenetic 
relationships in many groups of organisms (e.g. Wiens and Reeder, 1997; Bates et al., 1999). 
Despite the novel insights provided by sequence data for many taxonomic groups, this work has 
also revealed substantial limitations to inferring relationships among species. A major limitation 
to phylogenetic inference is gene tree discordance. Gene tree discordance is the discrepancy 
between individual gene tree topologies and the underlying species phylogeny. This phenomenon 
can occur for a number of reasons, such as deep coalescence or horizontal gene transfer 
(Maddison, 1997), and can have grave effects on phylogenetic estimation (see McGuire et al., 
2007). In most cases of deep coalescence, adding loci to the analysis can yield a clearer idea of 
the species tree and identification of anomalous gene trees (e.g. Andersen et al., 2015; Brennan 
et al., 2016).  However, some combinations of short internodes can produce a situation called the 
anomaly zone, in which the most common gene tree topologies do not match the species tree 
(Degnan and Rosenberg, 2006).  Addition of loci in anomaly-zone situations can result in high 
support for an incorrect topology in some types of analysis (Philippe et al., 2011). 
  One particular type of gene tree discordance—between mitochondrial and nuclear 
markers—has been identified in many studies (reviewed by Toews and Brelsford, 2012). Often, 
these studies involved few loci produced with Sanger sequencing methods, and resolution of 
gene tree discordance was not possible with limited sampling.  Moyle et al. (2011) documented 
discordance between mitochondrial and nuclear loci for a small group of Asian passerine birds, 
the spiderhunters (Aves: Nectariniidae: Arachnothera). Phylogenetic analysis of each marker 
supported paraphyly of Arachnothera, but each produced a different topology (Fig. 1). The 
mitochondrial markers strongly supported the inclusion of a monotypic genus, Hypogramma, 
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within Arachnothera. Analysis of a nuclear intron supported more extensive paraphyly, with 
strong support for a sister relationship between a clade of spiderhunters and several of the 
putative outgroup taxa from several genera of sunbirds (Nectarinidae).  Analysis of the 
concatenated dataset produced a species tree estimate with a topology similar to the tree 
produced from the mitochondrial markers, highly supporting Hypogramma as sister to one of 
two well-supported clades within Arachnothera. These results were somewhat surprising 
because Arachnothera seemed a cohesive group, and monophyly had not previously been 
questioned. Traditional taxonomy considered the spiderhunters (Aves: Arachnothera) to 
comprise thirteen named species, however multiple taxonomic lists (i.e. IOC World Bird List 
v6.1; Clements Checklist v2015) subsumed Hypogramma hypogrammicum into Arachnothera 
following Moyle et al. (2011). Despite the accepted taxonomic changes, we will use traditional 
nomenclature sensu stricto to refer to the Purple-naped Sunbird as Hypogramma 
hypogrammicum and refer to the remaining species as Arachnothera or spiderhunters throughout. 
 Arachnothera is a relatively small genus (14 species) in the sunbird family, Nectariniidae 
(Clements et al., 2015). Sunbirds have a strictly old world distribution, and spiderhunters’ range 
extends from mainland SE Asia through the Philippines and Indonesia. Interestingly, their range 
does not extend east of Wallace’s line. Despite the name, spiderhunters feed on a variety of 
nectar and invertebrates and not exclusively spiders. Spiderhunters share traits with other 
sunbirds (e.g. long, decurved bill), however the clade is linked by unique physiological and 
behavioral traits. In respect to body size, spiderhunters are among the largest of all Nectariniidae. 
Spiderhunters are exceptional among sunbirds in their absence of iridescent feather patches and 
lack of overt sexual dimorphism (Cheke and Mann, 2001; del Hoyo, Elliot, & Christie, 2008). 
Spiderhunters have a tongue morphology that is distinctive among sunbirds, thus they can access 
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nectar from different flowers. Lastly, male and female spiderhunters share nest building and 
incubation responsibilities (Cheke and Mann, 2001). 
 Reduced representation genomic sequencing techniques (e.g., Restriction-site associated 
DNA sequencing (RAD-seq), Miller et al., 2007; target-capture of ultraconserved elements 
(UCEs; Faircloth et al., 2012) have developed as cost-effective methods to obtain sequence data 
from thousands of loci throughout the genome, thus increasing the inferential power to produce a 
genome-wide assessment of phylogenetic history. Analysis of hundreds or thousands of loci 
from throughout the genome allows investigation, and potential resolution, of gene tree 
discordance evident in Sanger sequencing results. Here we revisit the phylogenetic relationships 
of spiderhunters using DNA sequences of thousands of markers from throughout the avian 
genome. In this study, we performed target capture sequencing of UCEs (Faircloth et al., 2012) 
and their variable flanking regions to amass a genome wide dataset to estimate phylogenetic 
relationships in this genus.  Following sequencing, we used multiple species tree reconstruction 
methods to produce species phylogenies from the reduced representation genomic dataset. The 
goals of this study were: 1. Examine heterogeneity across all gene tree topologies to investigate 
how a diversity of gene trees can affect species tree estimation; 2. Reconstruct a best estimate for 
the species phylogeny to resolve relationships within the genus Arachnothera and assess UCE 
gene trees to see if they reflect the discordance found in previous Sanger sequencing results.  
 
Methods 
Sampling and Sample Preparation 
We extracted DNA from fresh tissue of twelve of fourteen described species of Arachnothera 
(including Hypogramma hypogrammicum, but excluding A. affinis and A. juliae), four additional 
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sunbirds, and one outgroup taxon (Table 1) using a QUIAGEN DNeasy blood and tissue kit. We 
quantified DNA concentrations with Qubit Flourometric Quantitation (Life Technologies) and 
standardized all samples to 10 ng/uL.  
 
Sequence Capture Protocol and Bioinformatics  
We used the Tetrapods-UCE-5Kv1 probe set (available at ultraconserved.org) to perform target-
capture of 5060 UCE loci. We fragmented the genomic DNA (500-600bp) using a Covaris S220 
focus-ultrasonicator, using settings optimized for other UCE projects using avian samples; 
sonicator settings were as follows: 175 W peak incident power, 2% duty factor, and 200 cycles 
per burst for 45 seconds. We then prepared sequencing libraries using Kapa Biosystems Library 
Prep Kits (KBLPK; Kit: KK8201) according to KBLPK instructions. Samples were subjected to 
end repair and A-tailing, and the iTruStub dual indexing system (available at baddna.org) was 
used to ligate compatible adapters to each sample. Indexed samples were amplified with a 10-
cycle PCR and then pooled. We enriched libraries for the 5Kv1 probe set using a Mycroarray 
MyBaits Kit, followed by a brief PCR to amplify the part of each library enriched for UCEs. We 
tested libraries for quantity and quality using both quantitative PCR and the Agilent Tapestation 
at the University of Kansas Genome Sequencing Core Facility. Lastly, libraries were sequenced 
using 100bp paired-end reads on a partial lane of an Illumina HiSeq2500 at the KU Genome 
Sequencing Core Facility.  
 Raw reads were de-multiplexed using the Illumina program CASAVA ver. 1.8.2. We 
further cleaned the data using illumiprocessor.py (ver. 1) to trim adapter contamination and 
perform a quality check of the reads. Contigs for each species were assembled with Trinity 
(Grabherr et al., 2011). Subsequent bioinformatics of the UCE data used the PHYLUCE software 
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package of Python v2.7 scripts (Faircloth, 2015). We ran the match_contigs_to_probes.py script 
to match contigs to the UCE probe set and then aligned the UCE loci into a nexus file with the 
seqcap_align_2.py script, using MAAFT (Katoh and Standley, 2013) for alignment. A 
combination of custom Python and R (R Development Core Team, 2012) scripts were used to 
obtain summary statistics and convert the data to various files types for phylogenetic analyses.  
 
Phylogenetic Inference  
We used two phylogenetic methods to construct a species phylogeny with the complete 
concatenated matrix of 2,107 loci. First, we used RAxML (GTR + Gamma model of sequence 
evolution) to construct a maximum likelihood (ML) species tree. Support for the ML species 
phylogeny was assessed with 1000 rapid bootstrap replicates. We also used SVDquartets 
(Chifman and Kubatko, 2014) to estimate a species tree from the concatenated data. Quartet 
methods, including SVDquartets, exhaustively sample sets of four individuals from the data 
matrix, and then constructs a species tree from all sampled quartets. We implemented the 
SVDquartets species tree inference using the program PAUP* v4a146 (Swofford, 2015).  
 To infer species trees from gene trees, we used a two-step process. First, gene trees were 
estimated for each UCE locus and a multi-locus bootstrap was performed on the entire dataset. 
Next, the estimated gene trees were used as input for multiple species tree inference methods. 
These methods fall under the umbrella of the multispecies coalescent model, and will be referred 
to collectively as MSC methods (Liu et al., 2015). We used the PHYLUCE package (Faircloth, 
2015) to estimate gene trees for each locus in RAxML (Stamatakis, 2014) using the 
run_raxml_genetress.py command. We performed 500 multi-locus bootstraps, in which all 
iterations resample loci within the dataset, as well as bases within each locus (Seo, 2008). With 
 6 
RAxML gene trees as input, we used five species tree inference methods to estimate species 
relationships across all taxa: species trees from average ranks of coalescence (STAR; Liu et al., 
2009), species tree estimation using average coalescence times (STEAC; Liu et al. 2009), 
neighbor joining species tree (NJst; Liu et al., 2011), accurate species tree algorithm (ASTRAL; 
Mirarab et al., 2014), and Maximum pseudo-likelihood of estimating species trees (MP-EST; Liu 
et al., 2010). 
We used two different methods to compare topological congruence between individual 
gene trees and the topology of the species phylogeny. First, we constructed a 50% consensus tree 
and then selected the option to “Show frequencies of all observed bipartitions” in PAUP* v4a146 
(Swofford, 2015). Given all topological combinations across 2,107 gene trees, the bipartition 
table recorded the number of gene trees that contained each unique clade. We also used the 
CompareTree.pl command in FastTree (Price et al., 2010) to calculate the proportion of gene 
trees that contained the same phylogenetic splits present in the species phylogeny. 
 
Results  
The mean number of UCE loci recovered for all samples (Table 1) was 4099.5, with a range of 
3794 (Arachnothera dilutior) to 4342 (Chloropsis soneratti). The mean contig length across all 
samples was 851.6bp, with a range of 647.7bp (Arachnothera clarae) to 971.5bp (Dicaeum 
hypoleucum). The mean coverage for all samples was 37.8x, with a range of 27.6x 
(Arachnothera clarae) to 54.1x (Chloropsis soneratti). Maximum likelihood (ML) analysis of 
the concatenated matrix produced a strongly supported phylogenetic tree with all nodes receiving 
100% bootstrap support. The ML tree topology was similar to that recovered by Moyle et al. 
(2011), with Arachnothera divided into the same “Clade A” and “Clade B” as before (see Fig. 
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1). In contrast to the Sanger based ML tree, our ML analysis (along with subsequent species 
phylogenies discussed below) recovered monophyly of Arachnothera with 100% bootstrap 
support. Hypogramma hypogrammicum was placed as the sister taxa to all spiderhunters, with 
other sunbird genera more distantly related still. The consensus tree produced from the 
SVDquartets analysis was identical in topology and support to the tree produced by RAxML. 
Additionally, both concatenation methods (RAxML & SVDquartets) produced trees identical in 
topology to those recovered by all MSC analyses performed.  
 Phylogenetic analysis of individual UCE loci produced many different gene tree 
topologies, including many that were similar to the trees produced by Moyle et al. (2011). The 
most frequent topology, meaning the unique topology shared by the most loci, was recovered 
only six times out of the 2,107 possible gene trees. This most frequent topology includes 
Hypogramma nested within Arachnothera, sister to “Clade A”, matching the topology reported 
by Moyle et al. (2011). The majority of loci (n=2,038) were found to have their own gene tree 
topology (Table 2). Summarizing relationships across all gene trees revealed substantial 
discordance and support for conflicting topologies. For example, the bipartition representing 
monophyly of Arachnothera was recovered in only ~13.5% of all gene trees and the topologies 
consistent with the trees produced by Moyle et al. (2011) were recovered in 7.8% (Clade A + 
Hypogramma) and 6.4% (Clade B + Sunbird) of gene trees. 
 All MSC analyses produced highly supported species tree estimates with identical 
topologies. Only one analysis, STEAC, recovered bootstrap support values below 90% at any 
node. The topologies obtained from MSC species tree methods were identical to those from 




We recovered a wide variety of gene tree topologies from individual loci, many of which 
contradicted the species tree topology recovered herein and supported previous results (Moyle et 
al., 2011), yet phylogenetic analyses of thousands of loci from throughout the genome produced 
strong support for monophyly of Arachnothera. We found evidence for deeply coalescing 
lineages in some gene tree topologies, but given the number of uninformative loci and diversity 
of topologies recovered, those gene trees did not have a dramatic impact on the overall 
conclusion. Visual inspection of the bipartition table did not indicate horizontal gene transfer 
(HGT) among individuals, but to be safe we implemented a method (ASTRAL; Mirarab et al., 
2014) that is statistically consistent despite increased levels of HGT. Despite disparate signal 
across individual gene trees, multiple analytical approaches (i.e. concatenated and coalescent 
species tree methods) produced an identical phylogenetic conclusion. Below we discuss details 
of gene tree discordance and taxonomic implications for the spiderhunters. 
 
Gene tree conflict 
Increased genetic sampling has been used to produce phylogenomic datasets to clarify 
problematic evolutionary relationships in many taxa, ranging from plants to ants to birds (e.g. 
Pease et al., 2016; Blaimer et al., 2015; Manthey et al., 2016). In this study, analysis of genomic 
data unequivocally supports monophyly of Arachnothera, with the monotypic genus 
Hypogramma as its sister taxon, and all other sunbirds more distantly related. Despite short 
internodes, we produced topologically equivalent estimates of the species phylogeny with all 
nodes receiving strong support (Fig. 2) across concatenated, or single-site, methods (RAxML 
and SVDquartets) and MSC methods (STAR, STEAC, NJST, ASTRAL & MPEST). The 
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consistency of our species tree estimates indicates that gene tree heterogeneity, specifically 
discordance due to deep coalescence or HGT, did not mislead our analyses.  
Strong support for phylogenetic relationships in Arachnothera emerged from an 
incredible diversity of gene tree topologies. We used bipartition analyses to investigated gene 
tree heterogeneity and found that very few gene trees (~13.3%) supported the inferred species 
phylogeny (i.e., monophyly of Arachnothera; see Table 2). Although this number represents a 
small proportion of the total UCE loci examined, the emergent phylogenetic signal in multiple 
species tree analyses supports monophyly of Arachnothera. Additionally, the two main clades of 
Arachnothera (Clade A & Clade B; Fig. 1) that were recovered with strong support in all of our 
analyses and in Moyle et al. (2011) are represented in 45% and 76% of the gene trees, 
respectively. Further, the topologies from each locus in the Sanger sequencing study of Moyle et 
al. (2011) were recovered in approximately 8% (Clade A + Hypogramma) and 6% (Clade B + 
Sunbirds) of all gene trees.  
MSC species tree reconstruction methods assume the bifurcating estimated gene trees to 
be true. As such, even gene trees lacking or possessing little phylogenetic signal are informing 
the species tree analysis (Appendix 3). To assess the impact uninformative loci may have on our 
results we culled the data matrix at two cutoffs, removing loci with less than 10 and 20 
informative sites to produced reduced datasets of 1,712 and 1,291 loci, respectively. We then ran 
bipartition analyses to calculate the proportion of gene trees that recovered relationships of 
interest. We found removing the uninformative loci eliminated some noise in the dataset, but 
given the uniform increase in proportion of recovery for specific clades we can say that noise 
was not driving our phylogenetic inference. In the dataset that excluded loci with 20 or fewer 
uninformative loci, the recovery of Arachnothera monophyly increased by ~36% and the 
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proportion of recovery for Clade A and Clade B increased ~33% and ~24%, respectively 
(Appendix 4).  
MSC methods have been designed to model deep coalescence, as such they are robust to 
varying amounts of incomplete lineage sorting (ILS; Liu et al., 2015). Conversely, HGT is not 
explicitly modeled in MSC summary methods. Due to the overlapping geographic range among 
many species within Arachnothera and the overlap in range between Arachnothera and 
Hypogramma, recent gene flow between species could have resulted in HGT and thus increased 
gene tree heterogeneity. To account for this, we visually inspected the bipartition table for 
evidence of gene flow across species. Given the rampant sympatry, if there was HGT we would 
expect a sister relationship between two distantly related species to be recovered in a high 
proportion of gene trees. We found no such pairing of individuals to indicate recent gene flow or 
horizontal gene transfer. Furthermore, both simulation and empirical investigations have shown 
two MSC methods we used (NJst & ASTRAL) to produce statistically consistent species trees in 
the presence of low levels of HGT, and one method (ASTRAL) to be particularly robust to high 
levels of HGT (Davidson et al., 2015). Given that MSC methods are designed to perform well 
despite deep coalescence, that we did not observe evidence to suggest HGT and that we 
implemented methods shown to be statistically consistent in the presence of varying levels of 
deep coalescence and HGT, we feel confident gene tree heterogeneity due to either did not 
distort our phylogenetic inference. 
For taxa in the anomaly zone, using the “democratic method” of interpreting the most 
frequently recovered gene tree as the true species phylogeny would lead to a highly misleading 
species phylogeny (Degnan and Rosenberg, 2006). Based on overall gene tree topology, the most 
common gene tree recovered paraphyly of Arachnothera. In fact, many gene tree topologies that 
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included all individuals recovered patterns of paraphyly in Arachnothera, but this information 
did not clarify relationships at the nodes of interest (i.e. the relationships within Arachnothera 
species and relationships between Arachnothera and Hypogramma or Arachnothera and other 
sunbirds). Given the Sanger sequencing data from a few loci, finding many discordant gene trees 
in our dataset did not come as a surprise. Because of deep coalescence and the stochastic nature 
of substitutions, anomalous gene trees are not rare occurrences. With a complete matrix of 2,107 
UCE loci, the number of gene trees that show “unconventional and even bizarre relationships” in 
comparison to the species phylogeny is unsurprisingly high (Springer and Gatsey, 2016). 
Although the most common gene tree topology with all individuals (n=6) supported paraphyly, 
we found relationships within gene trees supporting monophyly of Arachnothera to be much 
greater. The uniform results across concatenated and the MSC methods is confirmation we are 
not in the anomaly zone and the emergent phylogenetic signal, monophyly of Arachnothera, is 
recovered despite the presence of high gene tree heterogeneity. 
Given the level of incongruence among gene trees in the dataset, randomly selecting a 
few UCE loci would be unlikely to produce the inferred species tree. Similarly, Sanger 
sequencing of a few known molecular markers would also be unlikely to obtain strong support 
for the species tree we recovered. Moyle et al. (2011) essentially made two draws (one 
mitochondrial and one nuclear) from a heterogeneous pool of gene trees, which yielded well 
supported topologies that likely do not represent the evolutionary history of this group. The 
number of taxonomic changes based on one or a few genetic markers and permanence of 
taxonomic nomenclature should give researchers cause for concern. Given the information 
provided by studies like this one, we feel that systematic biologist should employ a more robust, 




Despite similarities in morphology, geographical distribution and life history, the Purple-naped 
Sunbird (H. hypogrammicum) is not embedded within Arachnothera, but rather is the sister 
taxon of the genus. Nevertheless, our findings do not mandate a taxonomic change. 
Hypogramma hypogrammicum can be maintained as a monotypic genus in agreements with 
traditional taxonomy, or it can remain in an expanded Arachnothera following the changes made 
based on Moyle et al. (2011).  
 Approximately 85% of Nectariniidae species exhibit sexual dimorphism in plumage 
coloration and body size, with the males being markedly larger than females (del Hoyo, Elliot, & 
Christie, 2008). In sexually dichromatic species, males display iridescent plumage patches; in 
four sexual monomorphic species, both sexes show iridescent patches. Contrary to the 
morphological condition of most sunbirds, spiderhunters do not show sexual dichromatism in 
plumage coloration and only slight sexual dimorphism in body size. However, dichromatism is 
being assessed from a human perspective and there may be appreciable differences in plumage 
coloration from an avian visual perspective (Eaton & Lanyon, 2003; Burns & Shultz, 2012). In 
contrast, Hypogramma exhibits sexually dichromatic plumage, with the male possessing multiple 
iridescent patches.  
Arachnothera is further unified by a tongue morphology that is distinct among sunbirds. 
Additionally, Hypogramma possess a tongue morphology unlike any other species. Given that 
sunbirds rely on their tongue to probe fruits and flowers while foraging, and the large amount of 
overlap in the distribution of these two genera, differences in tongue morphology could be the 
result of resource allocation or niche partitioning. Lastly, Arachnothera exhibits different 
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parental strategies than all other sunbirds, including a unique nest structure and shared parental 
care by males and females (Cheke and Mann, 2001). This suite of behavioral and physiological 
differences between Hypogramma and Arachnothera further substantiate traditional taxonomic 
delimitation of these particular sunbirds (del Hoyo, Elliot, & Christie, 2008).  In a family of birds 
where genera are distinguished by far fewer traits (e.g. length of primary feathers in Dicaeum 
and Prionocholus; see Cheke & Mann, 2001), the difference in multiple life history traits for 
Hypogramma and Arachnothera corroborate our molecular findings that support an independent 
evolutionary history for each of these lineages.  
 
Conclusion  
Our data demonstrate the utility of reduced-representation genomic datasets to produce well-
supported species trees despite substantial gene tree conflict, even among groups that displayed 
strong discordance among fewer genetic markers. In this study, all concatenation and MSC 
estimations of the species phylogeny produced a single species tree topology, with Arachnothera 
shown to be a monophyletic genus sister to Hypogramma. The consistency and high support 
across all nodes in each species tree estimation gives lends confidence to our hypothesis of 
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Arachnothera*chrysogenys KU#17783 Crooker#Range#Park,#Sabah,#Malaysia 4213 842.0 35.8
Arachnothera*clarae KU#19622 San#Luis,#Luzon,#Philippines 3941 647.7 27.6
Arachnothera*crassirostris KU#24436 Gununy#Mulu#Natl.#Park,#Sarawak,#Malaysia 3980 851.3 34.1
Arachnothera*dilutior KU#12621 Puerto#Princesa,#Palawan,#Philippines 3794 903.0 31.3
Arachnothera*everetti KU#17761 Crooker#Range#Park,#Sabah,#Malaysia 4141 951.3 35.7
Arachnothera*flammifera KU#19010 Mt.#Magdiwata,#Mindanao,#Philippines 4037 874.5 35.7
Arachnothera*flavigaster KU#17772 Crooker#Range#Park,#Sabah,#Malaysia 3963 930.1 36.3
Arachnothera*longirostra KU#12343 Samarakan,#Sarawak,#Malaysia 4232 564.6 45.4
Arachnothera*magna KU#10194 Guanxi,#China 4052 989.0 37.5
Arachnothera*modesta LSU#B79500 Mt.#Penrissen,#Sarawak,#Malaysia 4350 866.9 46.6
Arachnothera*robusta LSU#B51150 Tawau#Hills#Park,#Sabah,#Malaysia 4160 872.9 37.8
Hypogramma*hypogrammicum KU#17785 Crooker#Range#Park,#Sabah,#Malaysia 4042 954.2 32.8
Nectarinia*sperata KU#20350 Baler,#Luzon,#Philippines 4187 653.3 41.5
Aethopyga*pulcherrima KU#28306 Mt.#HilongQhilong,#Mindanao,#Philippines 4243 882.8 35.9
Anthreptes*rectirostris KU#29161 Luki#Biosphere,#Dem.#Republic#of#Congo 4063 964.2 28.8
Dicaeum*hypoleucum KU#20176 San#Luis,#Luzon,#Philippines 3951 971.5 46.0
Chloropsis*soneratti KU#24451 Gununy#Mulu#Natl.#Park,#Sarawak,#Malaysia 4342 758.0 54.1
Overall#Means: 4099.5 851.6 37.8
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Figure & Table Captions 
Figure 1: The above trees are cartoon adaptations of the trees produced by Moyle et al. 2011. 
The top tree depicts the topology for the mitochondrial marker and the concatenated ML tree. 
The bottom tree depicts the topology produced from the nuclear marker. Clade A includes: 
Arachnothera clarae, A. chrysogenys, A. flavigaster, A. magna, A. everetti, and A. modesta. 
Clade B includes: A. robusta, A. crassirostris, A. flammiferma, A. longirostra, and A. dilutor. 
 
Figure 2: Concatenated species tree (produced in RAxML; GTR+GAMMA substitution model) 
for Arachnothera. Pie diagrams at each node correspond to the arrangement of the large pie 
diagram depicting multiple species tree estimation methods. Colors and patterns represent 
support for each method, values correspond to the legend under the large pie diagram. 
 
Table 1: Samples used in this study, the associated tissue number including institution (KU: 
Kansas University, LSU: Louisiana State University), locality information, and UCE coverage 
statistics. 
 
Table 2: Proportion of gene trees recovering specific topologies. Clade A and Clade B follow 
the naming scheme in Fig. 1. The columns comparing “Clade A + Hypogramma” and “Clade B 






























































Appendix 2: MSC Trees
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Appendix 4: Unique relationship recovered from a reduced gene tree dataset 
Recognizing that uninformative loci (i.e. those loci without many informative sites, if any at all) 
may bias the proportion of gene trees recovering unique topologies, we investigated relationships 
among reduced datasets (see Manthey et al., 2016). The full data matrix (2,107 gene trees) was 
culled according to the number of phylogenetically informative sites (PIS) per locus. We 
constructed two reduced datasets by removing UCE loci that did not meet the following cutoffs: 
PIS ≤ 10 and PIS ≤ 20, the number of gene trees left after pruning the data set were 1712 and 
1291, respectively. We again constructed a bipartition table in PAUP and conducted comparisons 
FastTree, the results are as follows: 
 
(Special thanks to Bailey Carges for help with formatting figures)  
